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DESIGN
Componeant Grolp: Fuel Turbopumps Prepared: . Early
ZIL [tem: B24o-148 Approved: T. Hguyen
Compone it High Presaive Fuel Turbopump Approval Daie: &HMBS
Parl Hurnber: REM 7S Change #: 1
Fallura Made: Loss of coclant flow te turbine inlet suppert stnats and turblng hesring Suppor belloys. Directiva #: CCBO NE3.O1.5305

Paga: 1of 2

Cregign ¢ Dacument Reference

FAILURE CAUSE:  A:Lift-oH seal hindingd =lasnre,

THE UFT-DFF SEAL [1) 15 A SPRIMNG LOADED, PRESSURE ACTIVATED, FACE RIDING, CARBON MOSED SEAL. THE SCAL HAUSING AND FISTON RING ARE MANUFACTURED UTILIZING
A-245 ARG BAR(Z), A-238 GRES WAS GELEGTED FURITS COMPRESSIVE STRENGTH, RESISTANCE TO HESH PRESSURE HYDROGEN DEGRADAT ION, AND CRYORIEN|C MECHAMICAL
FRCFERTIEE. THE MATERIAL IS SOLUTION TREATED AND AGE-HARDCHED. TtIE SEAL PREVENTS HYDROSEN LEAKAGE INTO THE TURBINE OUAING PRESTART ANA FROFELLAMNT
DUMP. THE TURBOPUMP 15 ASSEMELED WITH A PRELOAD ON THE TFAI MOSE WHICH MATES WITH THE OUTSICE DIWAETER LIP OF THE THIRD-STAGE SLEEVE 13}, THE SEAL MOSE
1% MAMNUFACTURED UTILIZING PSN CARBON WHICH WA SELECTED FORITS SURFACE VELOGITY WEAR CHARACTERISTICS (2). THE PISTON RING 15 DESIGMED TO PROVIDE AN
INTERFERENTE FITWITH THE DUTSIDE DIAMETER OF THE CARBOM RING, HT424 EPOXY RESINAS UTILIZED TO BOKND THE CARBON RING IN THE PISTON. THE MATING LIP OF THE
THIR[2-FTAGE SLEEVE 15 HARD CGHROME PLATED AND PCLISHED TG PROVIDE A SMOOTH AND WESR RESISTANT SEALING SURFACE ROTH THE SLEEVE MATING SUREACE AND
THE LIFT-OFF SEAL NOSE ARE RELUIRED TO BE FLAT WITHIN 2 HELIUM LIGHTEAKNDE. THE SEAL MRELOAD IS SUPPUED BY 55 MAIM SPRINGS MANUFACTURED UTILIZING 302 CRES
WIRE i2). THIS MATERIAL WAS SELECTED FOR T3 MCDULLS DF ELASTICITY AND DUCTILITY AT CRYDGEN I TEMPERATURES, AND ITS FROPERTIES ARE NOT DECRADED |M 4
HYOROGEW ENVIRCHMENT (2

DURING START, A PRESSURE UNBALANCE CEVELGPS ACROSE THE SEAL TQ OFFSET THE SPRING LOAD AND RETRAGT THE SEAL ALLOVANG HYDRDGEN COOLANT TO ENMTER THE
TLURRINF. THF SFAlI REMAINS OFFEM LINTIE THE PRESSURE DECAYS DURING ENGINE SHUTDOWHM, THE SEAL RETRACTION IB ACCOMMODATED BY Al INTERHAL CRITY, WHICH 15
YEWTED TO AMBIENT PRESSURE THROUGH AN EXTERMAL DRAIN LIME. THE CAVITY DRAIN LINE 15 ELECTRG-DISGHARGE MAGH INED THROUGH THE SEAL HOUSING, ELIMIMATING
THE MEEDQ FOR PLUGWELDE, AND MATES WITH A PAGSAGE AT THE MAIN HOUSING (4] INTERFACE. THE SE&L AT THIS LOCATION IS PROVICED 9% A PRESSURE-ASEISTED
"DOUGHNUT" STATIC SEAL [5), WHICH SEATS IN & GROOWE ON THE 3EAL HOUSING FLANGE. THE SEAL IS5 MANUFACTURED LITE IZING SILVERPLATED A-286 CRES BAR. A-208 CRES
WAAS SELECTED FOR ITS COMPRESENE STREMGTH. RESISTAMCE TC HIGH-PRESSURE HYDROGEN DESRADATION, AND (T3 MECHAMICAL FROPERTIES AT CRYQGENIC
TEMFERATURES. THE MATERIAL I35 SULUTION TREATED &MU AGE-HARDENED. THE SILYER-PLATING PERMITS CONFORMANCE OF THE SEAL TO MINCGR IRREGULARITES I THE
MATING SURFACES. AWIRE RETAINEF (5] MANUFACTURED UTILIZING 02 CRES I0LDS THE "DOUGHNUT" SEAL In THE RECESS OF THE LIFT-OFF SEAL TO PREVENT
DISLOCDGERENT DURING HANDLING AND INSTALLATION. THE BOLT PATTERN OF THE LIFT-CFF SEAL AND MAIN HOUSIKG ARE NON-SYMMETRICAL TG ASSURE PROPER ALIGNMENT
OF THE DPAIN LIME PASSAGES. DESIGN ANALYSHS EHOWS THAT WITH THE WORST COMBINATION OF TOLERANCES, ADEGUATE SEAL COMPRESSION WOLALD BE MAINTANED
CWER THE FLLL RANGE OF POSSIBLE DEFLFCTIONS. DRAINLINE PRESSURE AND TEMPERATURE ARE MONITORED OM ALL GREEN RUNS, WHIGH WCLULD INDHCATE ANY HOT-Ga5
LEAKAGE PAST THIS SEAL. THE STATIC SEAL |5 A HON-SERIALZED PART WHIGH IS NOT TIME HISTCORY TRACKED, BUT HAS INFINITE ALLOWARLE LIFE (n.

THE INTERNAL CAATY |5 FORMED 8 STEPPED DISMETERS ON THE SEAL FISTOR AND MATING DIAMETERS O THE SESL HOUSING. THE TWO SPRING.L DADED INTERMAL SEALS
FROWIDE SEALING BETWEEM THE MIGHPRESSURE HYDROGEN AND THE CaVITY DURING OPERATION. THE SEALS ARE MANUFAGTURED UTILIZ ING VESPEL SP-21 1, WHICH Vi s
SELECTEL FOR TS SEALING AND LUBRICAT IS CHARACTERISTICS (2). THE SEALS ARE BOTTOMED AGAINST THE HOUSING LITILIZING WEDGE RINGE MANUFACTURED UTILIZIHG
303 CRES BAR. THE WEDGE RING PRELDAD 15 SUPPLIED BY 36 SPRINGS MANUFACTURED UTILIZING 302 CRES WIRE. THE PUMP-END SPRINGS ARE BOTTOMED AGAINGT A 302
CHES PLATE, WHICH IE SECURED BY A MATING GROXIVE IN THE HOLUSIMIG THE TURBINE.END SEAL SPAIMNGE ARE BOTTOMED ASAINST A-208 CRES PLATE, WHICH |5 SEGURED T}
THE HOUSING UTILIZING TWELYVE 300 SERIES CRES SCREWS. A-2B6 AND THE 100 SERIES GRES ALLOYS WERE SELECTED FOR THE SAME CHARACTERISTICS DISCLSSEN ARCWVE.
THE SCREWS ARE STAKED AT THE SEAL ASSEMELY TO PREVENT ROTATION. ASSEMBLY PROCEBURES FOR LOCHKING OEVICES ENSURE OEFECTFREE INSTALLATION [A.
MOVEMENT OF THE SEAL PISTON IS GUIDED BY A BUSHING WHICH PILOTS M A GROOYE IN THE SEAL HOUSING. THE BUSHRNG 1S MANUFACTURED UTILIZING VESPEL 5P-211,
WHICH WAZ SELECTED FOR (TS LUBRICATING CHARALTERISTICS (3. THE PISTON CMMETERS YWHICH MATE WITH THE VESPEL SFALS AMD THE B MG ARE CHRDME PLATED TD
FHOVIDE A SMOOTH SLIDIRG SURFACE. THE CAVITY DRAIN LINE LS SIPED Tr1 ACCOMMCDATE THE PREDICTED LEAKAGES WHICH WoULD BESULT FROMOME SECOMDARY SEAML
WIS SNG.

THE LIFT-0FF SEAL HOUSING 5 SECURED TO THE MAlN HOUSING @Y 12 BOLTS (9) AND GUPWASHERS (14), WHICH ALSO ATTACH THE TUBBINE HUE LABYRINTH SEAL111) AND THE
SECOMD-STAGE AFT PLATFORM SEAL {12|, THE LIFT OFF SEAL HOUSING QUTSIDE DIAMETER AND MAIN HOUSING INSIDE DIAMETER ARE CLOSELY TOLERANCED To ASSURE
ACCURATE PILOT NG OF THE SEAL STACK AND MINIAIZE THE EFFECT OF HOUSING DEFLECTIONS ON THE SEAL INTERMAL CLEMRANCES., CRODVES IN THE MAI HOUSING AND
TURRAIME HUB LABYRINTH SEAL PILOT STATIC BEALS £13) AT THESE LOCATIINS. AMALYSIS REVEALS THE LIFT-QFF SEAL HESIGH ALONG WITH OPERATING CLEARMNCES
FREZCLUOES A COMPLETE LIFT-0FF SEAL CLOSURE (14)

THE LIFT-CFF SEAL FUNCTIOMAL OPERATION WAS DEMOMSTRATED BY DEEISN VERIFICATION TESTS (15
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Companent Group: Fuel Tuibopumps Preparad: O Early

CIL ftem: Bh0d-18 Approved: T. Nguyen

Companent: High Pressure Fusl Turbopump Appraval Date: £i219d

Parl Number: RE00TS01 Change 4: 1

Fallura Made: Loss of coolant flow ta turd e Inist support siruls 2nd turbfne bearng support e lonaws. Directhee #: CCBD ME}.01-5206
Page: 2al 3

Dasign { Documwnl Referancs

1] ROD1G230; [2) RES 8580-10; (3) RSOU7S4, REAOP5E; (4) RAOATSTT. RSOUTSEA, (31 RES1116; (B ROD9234; (7)) RLOCS32. CPS2GROMIRA. (9] RLOAIET; () REODTHYS: (10
R3007523; {11 RSMITESD: (12 REOLTANI: {17 RDZE1-3016 RE1E21; (14] IL SEME-DBOS; [15) RS3-404-111

FAILURE CAUSE: B: Caclanl fivw pessapa blockage.

HYDRDGEN COCLANT IS SUPPLIED TS THE TURBINE EY FLOW PAST THE LOMW-PRESSLURE ORIFIGE {1t OF THE BALANCE FISTOM CAWITY AND PAST THE LIFT-OFE SEALIZ). A
PORTION OF THE COOLANT ENTERS § HOLES D THE HUR OF THE SECOND-STAGE TURBINE DISK {3} JUST UPSTREAK OF THE HUB LAEYRINTH SEAL (41 THE FLEW CONT INUES
DCAVN THE CENTRAL CAWTY OF THE SECOND-STAGE DISK. A PORTION OF THIS COOLANT FLOWS THROUGH THE 16 HOLES IN THE DRIFICE RIMG (%) BETWEEH THE TURBINE
DNLKS, THIS FLOW |3 29T ANDGUIDED 8Y THE TURBINE INTERS TAGE SEAL (8) TS COOL THE DOWNSTREAM SIDE OF THE FIRST-STAGE DISK [7) AMD THE UPSTREAM SIDE DOF
TIIC SECOND-3TAGE DISK. THE REMAINDER OF THE FLOW CONTINUES THROUGH THE FIRST.STAGE DISK AMO COOLS THE TURBINE END BEARINGS (8. THIS FLOW 1S THEM SPLIT
AND GUIDED BY THE TURBINE BEARING SEAL (3). TO COOL THE UPSTREAM S10E€ OF THE FIRST-STAGE DISH AND THE TURBINE BEARING SUPFQRT (100, THE FLOWY ENTERS THE
EEARING SUFFORT BODYT THROUGH 4 HOLES AND THEN ENTERS AM INTERNAL SHEET METAL MAKESLD THROUGH 1% HOLES THE COOLANT THEN IS CIS TRIBUTED TO 3 HOLES N
EACH OF THE INLET STRUTS ANE 15 COLLECTED iM A MANIFOLD AND DISCHARGED THROGH 13 ORIFIGES TO COCL THE BEL LCWS {11). THE REMAINDER OF THE FLOW EROL THE
LIFT-OFF SEAL FLOAWS THROUGH THE LAEYRINTH STEFS OF THE TURBINE HUB LABYRINTH SEAL PART OF THIS FLOW 15 DIVERTED THROWUGH 4 HOLES (N THE SEAL DOWMNSTRE A8
O THE FIRST STEF. THE FLOW IS COLLECTED M A MAMIFQOLD AT THE LIFT-QFF SEAL HUE LABYRINTH SEAL IMTERFACE BEFORE COMTINUING THROUSH 12 HOLES 1Y THE LIFT-OFF
SEAL AND PAIN HOUSING {12) T ENTER THE COOLANT LINER. THE COOLANT CONTINUES THROLUGH 3 HOLES IN EACH OF THE MaIN HQUEING STRUTS ANMD ENTFRS A BMHIFOLD
AT THE DCWUNSTREAN EMD OF THE TURBINE INNER RING  NIMETY-2(X CODLANT PASSAGES 1N THE INNES: RING CARRY THE FLOW) TO A MANIFOLD AT THE TURBINE MOUNT RIHG
(*2 INTERFACE. MINETY-SIX COOLANT PASSAGES IN THE MOUNT RING AND THE TURBIMNE BEARING SUPPORT GUIDE THE FLOAWY TCr A MANIFOLD, WHERE T DISCHARGES OUT 172
LCRIFIGES AND JOINS THE TUREMNE BEARING SUPPORT GOOLANT FLOW TO £OOL THE BELLOWS. THE COMEIMED COOLANT FLOW THEM CONTINUES OUT A GAP 4T THE
PREBURMKER AND TURBINE BELLIWS SHIELD (14) INTERFACE WHERE IT ENTERS THE TURBINE EXHAUST.

THE REMAINDER OF THE COOLANT FLOW THROUSH THE TRBINE HIJR LABTRINTH SEAL IS UTILIZED TACOOL THE DOWNETREAM SIDE OF THE SECOND-STARE DISE,

THE HUMBER OF PARALLEL PASSAGES FOR THE COULANT FLOWY, THE SIZE OF THE FASSAGES, AND THE QLANTITY OF THE FLOW MAKES THE TURBINE COOLANT CIRGUIT
THSENSITIVE TO MINCR FLOW BLOCEAGE. THE PROPELLANT FILTER AT THE EXTERKAL TAHK FRECLUDES CONTAMINANTS LARGE ENOUGH TO BLOCK THE PASSAGES (1. POST
TESTIFLIGHT DItYIkG FURGES PREVENTS BLOCKAGE FROM K3E FORMATION RESULTING FROM ACCLIMULATION OF MOISTURE BETWEEN HOT FIRES {14G].

11} R3007E59; (2) RODIS230, (3) RSI0TSIE; (4) RSOOTSS53: (5) HIDO0TSET. {B) REQDTSE?, (F} RSOOTS17; (R) RSHOTE0Y, (9 REOOTEAT: (10] RBAOTS24; [11) REOLTS)S; 112) R3O07STY,
RSOOVERA. [13) REOD?508 (14) RS007599, (15)1CD 1IW15000 (18] RLOGOSD-C4, DMBESE VA1CED 050, OMRSD waATCED0a0 (FHASE I, OMRSD Va1CBD QB (PHASE 11}, OMRSD
YAICED. MZ {BLOCK T4, OWMRSD YA 1CBC.ORS (BLOGK [1A) .

FAILURE CAUSE:  G: Failure of turting bezring laby finth &eal.

THE TUREINE BEARING LABTYRINTH SEAL (1))S MANUFACTURED UTILIZING & HAYHES 1BA FORGIMG, WHICH WaAS SELEGTED FOR ITS OXIBATION RESISTANCE, TEMEILE STRENGTH
AT ELEVATED TEMPERATURES AND LOW SVELE FATIGUE LIFE tN A HIGH-PRESSURE HYDROGEN RICH STEAM EMVIRONMENT [3). THE MATERIAL 15 ANNEALED T IMFROVE
MECHANICAL FROFERTIES. THE SEAL IS ATTACHED TO THE TURBINE SUFPORT (3} Y 8 BOLTS (4] LOCKED BY CLIPWASHERS |5). TwA0 LABYRINTH STEFS CALSE THE COOLLNT
FLOWY TQ DIVIDE AS FT EXITS THE BEARINGS. FART CF THE FLOW IS ROUTED THROUGH THE TURRINE SUPFDRT COOLANT CIRCUIT. THE REMAINDER PASSES THROUGH THE
LARYRIMTHS ANDY ALQHEG THE UPSTREAM FACE OF THE FIRST-STAGE INSK &) THE SHAFE OF THE SEAL 15 QESIGNED TD ROLUTE THE COOLANT MORE EFFECTVELY OVER THE
LIS, BOLTS (7). AND THE NUFS (8). '

(1} REOVIAT, (2} ASS-B580-10; (1) RSO0OTE24; (4) RSOO7E6E: (5 REODFE2E: (€) RSIOFSIT {?) RSOQ7SAD; (8] RSQ0T3A2 L
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R ' des | UL LUPITIPS Prepared: 0. Early

CIL ltam: 520018 . Approved. T. Hgujen

Componernt: High Pressurs Fuel Turbopump Approval Data: ELFLNL ]

Part Humber: REOITS01 Chanpga #: 1

Fallura Mada: Logg of coalant thaw 1o turtdne inlet suppait struts and turbine bearing suppan bellows. Dirscibee 4; CCED ME3-09-5208
Page: Jal 2

Design / Dagement Refaranca

FaILLURE CAUSE: D Failure of turbine hub dabyrinth zeal.

T+E TURBINE HUB LABYRINTH SEAL {1015 MANUFACTURED UITILIZING 4N IMCOMNEL T1R FORGING (Z). THIEMATERIAL WAS SELEGTED FOR ITS STRENGTH, RESISTANCE TO
CORRDSOH AND STRESE CORROSION CRACKING, CRYOGENIC DUCTILITY, AND ITS INSEMSITIVITY TO HYDROGEN ENVIRCNMENT EMERITTLEMENT IN TS CHRERATING
ENVIROMHMENT. THE MATERIAL |5 SOLUTION TREATEDR AMD AGE-HARDENED. THE SEAL HAS THREE STEFS. WIH EACH HAYING A SERIES OF TEETH. THE STEPS ALIGH WITH o
SILAR SET OF STEFS DM THE HUB OF THE SECOHD-STAGF CR3K (3, THE SEAL IS CONFISURED AT THE INMER CIAMETER TO DISTRIBUTE SOQLANT FLOW TO THE TUREINE
BEARINGS {4; AMO TURBINE QISK/COOLANT LIMER CIRCUITS. THIE SEAL RESISTANGE DRIVES PART OF THE COOLA MT FLOW FROM THE LIFT-OFF SEAL THROUS | B HOLES 14 THE
SELOND-STAGE DISK. THIS FIOW IS ISED TD COOL THE TURBINE-END BEARINGS AND THE TURBINE DISKS 15). FART OF THE FLOWY PASSING THROUGH THE LABYRINTH STERZ IS
CIWERTED THROWGH 4 BOLES IN THE HUB SEAL BETWEEN THE FIRST 8MD SECOMD LABYRINTH STEPS. THE FLOAN IS ROUTEDN [NTO THE HOUSING COCLANT ILINER CIRCUMS
THROUGH CHANMELS (M THE HUE LABYRINTH EEAL AMD HOLES [N THE LIFT-OEFE SEAL (5] FLANGE AND TURBOPUMP HOLISING (71, THE REMAINDER OF THE FLOW ENTERS THE
CAYITY BETWEEN THE SEAL AMD DISK. A LIF UM THE END OF THE HUBR LARYRINTHS DIRECTS THE COOLANT AT THE HEADS OF THE DISK, BIALTS (A) AND ACROS5S THE FACE QF
THE CISK. THE DUTSIDE DISMETER OF THE HUS LABYRINTH SEAL FILOTS THE SECOMND-STAGE AFT PLATFORM SEAL 15). A GROCVE (M THE HUE LABYRINTH SEAL ELANGE SERVES
TO FILOT & STALD SEAL [16) BETWHEEMN THE HUE L ARYRINTH AND LIFT-OFF SEALS. THE HUE LABYRINTH SEAL |13 SECURED T THE TURBORUMF THROUWSH THE LIFT-OFF SFAL
HISING BY 12 BOLTS {11] AND CUPWASHERS (32). STRETCH BOLTS ARE UTILIZED TO ASSURE THE REQUIRET CLAMPIMG LOADR AT ASSEMELY IS APPLIED

1) RSICTS53; (2) RSS-B360-10; {3) RSLOTSIL (4) RSOCTE0Z (5) REOQTSI0 RSO007R1T; &) ROO19230; {T) REOOTSIT, REQOTSGR; (B) FSOOFSE0: (%) RSO0IS0A, (T} RE1S21: (11)
R30I7505 {12 REIOTEZI .

FAILURE CAUSE:  E: Fallure of vortex cantrol paddie or its lorque pinen end of shart,

THE 5TUD (1] 15 MANUFACTURED UTILLZING IMCONEL 718 B8R, AN INGONEL 718 BAFFLE {1145 THAEADED TC THE TURRINE-END AND LOCKED WITH AN INCOMEL 718 PN {1
INCOMEL 718 WAAS SELECTED FOR ITS STRENGTH AND DUCTILITY AT CRYOGENIC TEMPERATURES AND ITS RESISTANCE T CORROSION AND 5TRESS CORROSION CRACKING. 1N
TIHE CRYDGENIC ENYIROHMENT IT IS INSENSITIVE TO HYDROGEN ENVIRCNWMENT EMBRITTLEMENT {21 THE MATERIAL IS SOLUTION TREATED ARD AGE-HARDEMED. THE ANTI-
YORTEX, BAFFLE ASSURES OROEALY FLOW OF THE COQLANT TO THE TURBINE-END BEARINGS AND DISKS.

(1] RS007514, ROQ19254; {2} RSS-B580-10
FAILURE CAUSE: F: Extenzho fallura of turbine beflows hiold.

THE SHIELD [1) PROTECTE THE TURBINE BELLOWS (2) FROM HIGH TEMPERATURE TURBINE EXHAUST GAS. |T FORMS A CAVITY BETWEEN [TSELF AND THE TURBINE BELLCWS
PERMITTING COULANT FLOW ALCHG THE QUTSIDE DISMETER OF THE BELLGWS. THE BELLOWS SHIELD |5 MANUFACTURED UTILLDING A HAYHES 188 FORGIMNG. HAYNES 158 WAS
SELECTED FOR ITS STRENGTH AT ELEWVATED TEMPERATURES AND LOW CYCLE FATIGUE LIFE IN HIGH PRESSLUIRE HYDROGEM (3. THE MATERIAL IS SHOT PEENED AND
ANNEALED. THE SHIELD IS PILOTED BY ENGAGEMENT OF ITS UPSTREAM LIP BEMEATH THE MM HOUSING HATHAND. SIX FEDESTALS AXIALLY BOTTOM THE SHIELD AGAINST THE
TURBINE BEARING SUPPORT. FOUR STANDOFFS OM THE DIOWYNSTREAN LIP QOF THE SHIELD PERMITS THE CODLAMT TO DISCHARGE INTD THE TURBINE EXHAUST,

(1) RS0O759%, () R3AOTHQS, REMO7SE; (3) RES-A580-1Q
FAILLIRE CAUSE: ALLCAUSES

THE HiisH AND LOW CYCLE FATHGUE LIFE £OR THE LIFT-OFF SEAL, TURAINE BEARING SEAL, TURDINE HUB LABYRINTH SEAL, VORTEX CONTROL PADDLE AND PN, AND TUREINE
BELLC'WS BHIELD MEET CE) REQUIREMENTS (1). THE MINIMUM FACTORS QF SAFETY FOR THESE BARTS MEET CE| REQUIREMENTE 12). THE HARDUVARE PARENT MATERLALS
WERE CLEARED FOR FRACTURE MECHANICSHDE FLAW GROWTH SINGE THEY COMTAIN NGO FRACTURE CRITICAL FARTS, EXCEFT FOR THF FIRST AND SECOMD-STAGE DISKS
WHICH V/ERE CLEAREC BY CRITICAL INN WAL FLAWY SIFE DETECTABILITY [3). THE FMEACIL WELDS ARE CLEARED FOR FRACTURE MEC HAHIES!HDEIFLAW GHOWTH BY THE WELD
ASEESEMENT (4. TABLE B2ADLISTS ALL FMEACIL WELDS AND IDENTIFIES THOSE WELDS IN YWHICH THE CRITICAL INITIAL FLAW SIZE 13 NOT DETECTABLE AND THOSE WELDRS 1IN
WHICH THE RQOT SIDE I5 MOT ACCESSIBLE FOR INSPECTION. THRSE WELDS 1M WHIZH THE CRITICAL INITIAL FLAW SI2E 15 MOT DETECTABLE ARE AUCEFTABLE FOR FLIGHT BY
RISK ASSESSMENT {4 REUSE OF PARTS DURING OVERHAUL IS CONTROLLED BY THE RECHIREMENTS OF THE OWERHAUL SPECIFICATION (5],

(1) RLUDS2Z, CRAZIRMIIZE; (2} RSS-A546-16 CRIZ0RCO0IE (3) MaSh TASK 117; (4) RSS-B756: 15} RLDDSZE
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Failure Mode:

Fusl Turbopumps
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High Pressure Fuel Turbopump
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INSFECTION AND TEST

Loss ol cootant flaw La turhine infal suppent siruts and turbine bearing support bellows.

Pra pared;
Approved:
Aparoval ODale:
Change #:
Ciracuve ¥

Page:

D. Early

T. Mguyen

M9

1

CCEDOME2-IF -5205

1ol 4

lalure Cauges

Significant Characterisi ca

Inzpaction(s} ) Tesiis)

Dacumenl Raference

LiF1-0FF 3EAL ASSEMBLY
MATERIAL I TEGRITY

SFPRING INTEGRITY

WELD INTREGRITY

SURFALCE FIMEH

GLEANLINESS OF
COMPONENTS

ASSEMBLY IMTEGRITY

HFFTF
ASSEMBLY IMTEGRITY

MATERLAL INTEGRITY IS VERIFIED PER DRAWING AND SPECIFICATICN RECANREMENTS

EDM RECAST REMOVELD PER DRAYWNG AMQ SPECIFICATION REQUIREMENTS
EFOXY INTEGRITY CURE aND BONG THICKNESS ARE VERIFIED PER DRAWING REUIREMENTS.

SPRING CHARACTERISTICE ARE VERIFIED PER DRAWING REQUIREMENTS.
THE TEMEILE STRENGTH |S VERLFIED PER DRAWING REQUIREMENTS.

SPRING CLOSED EMDS ARE GROLUND SCUJARE AMD DERURRED FER DRAWING REQUIREMENTS.

ALL WELDS ARE INSFECTED TO DRAWING AND SPECIFICATICN REGUIAREMENTS FERWELD CLASS.
INSPECTIONS IMCLUDE: WISUAL, DIMENSIONAL, PENETRANT, RADICGRAPHIC, ULTRASCHIC, AND
FILLER MATERIM A5 APPLICABRLE

THE SEAl CHROME FLATING IS VERIFIED FER 3PECIFICATION REQUIREMENTS.

SERL NOSE FLATHESE 15 VERIFIED PER DRAVYING RECQLIREMENTS.
COMPONENMTS ARE VERIFIED CLEAMED PER SPECIFICATION RECUIREMENTS.

THE FOLLOWING ACCEFTANCE TESTS ARE PERFORMED PER DRAVIMG AND SPECIFICATION

RECQUIREMENTS:

- AMBIENT AND CRYOGENIC LOAD DEFLECTION.

= NOSE LEAK CHECE.

- BECOHDRRY FEAL LEAK CHECHK.

- SEAL ACTUATION AND RESEAT CHECK.
L

ASSEMBLY OF THE LIFT.OFF SEAL 1S VERIFIED PER SPECIFICATION RECUIREMENTS !

SCREVY STAKIMG |S YERIFIED PER DRAWING AKD SFECIFICATION RECALNREMENTS

SEAL ACTUATICN 15 VERIFIED DLRING IN-HOUSING BALANCE PER SFECIFICATION

REQUIREMENTS.

SEAL 153 LEAK CHECHED AT TUABOPLRAR ASGEMBLY.

ROG19£30

RaG1e230
RBI130-115
FBI 130000

ROD13230
Ra110340m01

ROO19220
P& 106005

ROI1E2M0

RL1D01

FAQEDT L4
RAO115-116
RAD115-008
AAT110M
BAOI15-12F

RA1609.002
RLODE2E

ROQi9230
RL10DOT

ROD19225
RLODGO%
RLOAS0S
RLOQSDS

RLOAZCT

Fu019230
FA1651B-005

FLOD352

R5GO07501
RLDGAS
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Sl Il e L L, Ul FUrDeILmps Frepaced: 0. Early

EfL bam: B200-18 Approyed: T. Nguyen
Companent: High Preszum Fuel Turbop urng Approval Daks: #21/38
Par Number: REDLT501 Changa &: 1
Faifure Mode: Loss of coolard Aow 12 turbine Inlet aupport struts and turhina bearing support tellowsy, Diraciha A; CCBDb ME3-01-5208
Page: 2nf 4
Failura Cayges Zigrificant Characieriatics Inspections) f Teslis) DGEUmAnt Refarenca
A ASEEMNELY INTEGRITY SEAL LEAK CHEGKS ARE FERFORMEN PRICR TO EACH FLIGHT. OMRSD V41800010

CMRED V4 1600030
CMRED Y41800.050

TOROUE CHECKS ARE PERFORMED FRIOR TO EAGH FLIGHT. OMASD Y41 RS0 020

E HFFTF RED0TSI1

CLEANLINESS OF COMPONENTS ARE VERIRIED CLEANED FER SPECIFICATION RECLIR EMENTS, FL10001
CORMPONENTS

POST Ft IGHT ORYIMG PURGES ARE FERFORMED PER SPEL) FICATION REQUIREMENTS, OMRS0 V4 1CRC 050
OMRED WCRI 030
IPHASE Il
OMRED Va4 1CBD Ca1
IPHASE )
OMASD Ve 1CR.Ge 2
(BLOCK {7]LA)
WAMESE Ye 1 CRO AT
ELOCK 1A

r ' SEAL. TURBINE BEARING RS0D7547
sk RS007S1T

MATERIAL INTEGRITY MATERISL INTEGRITY |5 VERKIED PER SPECIACATION REGUIREMERTS; AMS 5772
REO47). 182

FORGING 1S PENETRANT ANG ULTRASOHNIC MEPECTED PER SPECIMICATION RECLIREMENTS. RAB1G-114
RAD115-012

SEAL 15 FENETRANT INSPECTED FER SPECIFICATION RECUIREMENTS, RAG115-114

AZSEMBLY INTEGRITY SEAL LABYRINTH AND QISK SEALING MNAMETERS ARE INSPECTED PER DRANMNG REQUIREMENTS, R3007547
REDOTSTF

THE ROTATING ASSEMBL ¥ BALANCE IS VERIFIED PER SPECIFICATION REQUIREMENTS. RLOGIS?
HPETP RSODT501
ASSEMBLY INTEGRITY TORQUE CHECKS ARE FERFORMED PRIOR 10 EAGH FLIGHT. o OMRSD V41850, 020
TRAVEL CHECKS ARE FERFORMED PRIOR T EACH FLIGHT. '

L

. — —_— . e -— = —— — . e - __'|__. —_——
b BEAL o R5007553
DISK REA0TS1N
MATERIAL INTEGR[TY MATERIAL INTEGRITY I5 VERIFIED PER DRAVWING AND SPECIFICATION REQUIREMENTS. RS0G50

REIMTH-153

THE SEAL AND DISK ARE FPEMETRANT INSFECTER PER SFECIFICATICH REQUIREIMENTS. RAI15-118

HEAT TREAT HEAT TREAT I VERIFIED FER SPECIFICATION REQUIREMEMNTS RANE 020

ARB01T0-182



FXARS !

womgonenl Group;
CIL Kem:
Componenl;

Parl MNumber:
Fallura Mode:

Fuel Turbapumpsg Prapared:

B200-18 Approved:

High Presaure Fuel Tiwbopump Approval Oata;

REQ07501 Changa #:

Loan of colanrt Aow (o turbine Inlet Support strute and Lorbine buaring suppart boltews. CHrecitva 4:
Pagm

0. Earfy

T. Hguyen

4/21159

1

CCBD ME3-01-5206

Jof 4

Failure Causes

Siwgnifizanl Charactanstics

Iretpe ctionds) f Tesi{s)

Documanl Reference

ALL GAUISES

FURFACE FIKISH

AFSENMBLY INTEGRITY

HFFTF

ASECMBLY INTEGRITY

BAFFLE, HRFTP
FIH

MATERIAL INTEGRITY

HEAT TREAT
ASSEMBLY INTEGRITY

SHIELD
MATERIAL INTEGRI Y

ASSEMELY INTEGRITY

HPFTP
ASSFMBLY INTEGRITY

HEFTP

CLEANLINESS OF
COMPOMENTS

ASSEMELY IMTEGRITY

THE SEALING SURFAGE 15 VERIFIED PER DRAWING AND SPECIFICATION AELMIREMEMTS,
THE SEAL AND DISY DWAMETERS ARE YERIFIED FER DRAWING RECUIREMENTS

THE ROTATING A53EMELY BALANCE IS VERIFIED PER SPFCIFICATION REQLIFEMENTS,

TOROUE CHECKS ARE FERFCORMED PRIOR TQ EACH FLIGHT.
TRAVEL CHECKS ARE PERFORMED PRICR TO EACH ELIGHT.

MATERIAL INTEGRITY |3 VERIFIED PER DRAWING AND SPECIFIGATION REQUIREMENTS

THE BAFFLE |5 PENETRANT INSFEGTED FOR SURFAGE FLAWS BY PENETRANT INSFECTION PER
SFECFICATION RECINREMENTS.

HEAT TREAT IZ VERIFIED PER BPECHFICATICH REQUMEMENTS.
BAFFLE TORQUE IS VERIFIED PER, DRAWING REGLIARFMFMTS,
PIN STAKING IS VERIFIED PER ORAWI NG RECIUIREMENTS.

MATERIAL INTEGRITY IS YERIFIED PER DRAVNNG REQLIREMENTS
FORGING IS PENETRANT AND UL TRASOMIC INSFECTED PER SPECIFICATION RECQMREMENTS.

SHIELD 15 PENETRANT INSPLCTED PER SPECIFICATION REQUIREMENTS
SHOT FEEMING |5 VERIFTED FER DRAMWING RECUIREMENTS
PASSIVATION I VERIFIED PER SPECIFICATION REQUWREMENTS,

AN INTERNAL BORESCOPE INSPESTION IS PERFORMED FRICR TO EACH FLIGHT.
SHIELD I3 PENETRANT INSPECTE D FER SFECIFICAT IOW REQUIREMENTS

COMPONENT S ARE VERIFIED CLEANED PER SPECIFICATKIN RECILIREMENTS,

CFERATHIN/PERFORMANGE |5 WEHIFIEL 8Y ENGINE HOT-FIRE TESTING AMD 2MD E & M TESTS ON
INZRECTIONS

RZ007510
RFO404.027

REODTSS3
REONTS10

FLOG352
H3LI75MN
OWMRS0O V41850020

ROD1525G
RS IE14

RSMTEL4
RBOITC-153

FAO 15-116

RADE11.020
REMTS14

RSIII? 590

RAN115-116
RAOT 15012

RAO118-118
RE0D7aSS
RADT10:018
RSDOTS

OMRSD WVA1BUD0.07S5
CHRSD W41BU0.260

AS097501
RL100G1

P1onos0-04
FLAOHIWE-06

[RIE T ar
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e N T Py )
I Tz
Camponant:

Part Number:
Failure Mode:

(RS R R TRy Y ThK]

B23%-18

High Pressure Fugl Turbapimp
RS007504

Loz2 af coolant [law to bhurbine tnlat Bupport struts and torbine benring suppart bellows,

Prepared:
Approved:
Appraval Date:
Change #:
Diracttve #:

Page:;

[ Eartly

T. Hguyen

4121190

1

CCAD MEA-01-5205

4of 4

Falure Causes

Significant Charazterigtics

Inspaciionis} f Tesl(s)

Datument Relerence

ALL CALSES

ASSEMBLY INIEGRITY

THE PUMP SUBASSEMBLIES ARE INSPECTED DURING OVERHALL PER SPECIFKIATION

RLOOSZE

Fail.re Hslony:

Coerglispal Use:

REQUIREMERTS. INSPECTIONS INCLUDE WISUAL, DIMENSIONAL FENETRANT, ANMD REPLACEMENT RADI15-118
OF LISAGE ITEMS AS APPLICAELE, PER OVERHAUL CLASSIFICATIIM,

BATA FROM PREVIOUS FLAGHT OR HOT-FIRE 15 REVIEWED FOR FROPER TURBOS|IMP
CPRERATION/PERFORMANCE. (LAST TEST!

MSFC PLN 1228

Comprehense falue history data is manizined in Ihe Prablam Reporting dalabaze (PRAMSIPRACH)
Raferance: RHASA 1ot ar S47 18303 and Rockeldyne (ethor ERRCONTE
Mot Apgrice e
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Componant Group:

Itern Mamma:
llem Number:; =1
Part Humber: RIHTE01

Fuel Turbopnm ps
High Fressure Fuel Tyrbopamp

SSME FMEAICIL
FIELD CONFIGURATION VARIANCES FROM CIL RATIONALE

Pragerad:
Approved:
Appravval Dam:
Change g:
DOlrective &;
Page;

D. Early

T. Kguyan

202

2

CCBO ME3-11-52G8

1of 2

Basze Line Ralionale

VYenanca

Crange Rationale

Varignl Dash Murmber

1. HIOD-15 REOOFA0E CAUSE A
B220-24; REI07005; CALISE A

THF IMMFER AND OUTER BE&LRIMG
RACES ARE EDOY CURRFMT
INSPECTED PER BLIO M2,

2 B2I0-13 RSOGTSZ7, ASMTSIZ,
CAJSE AL B. B2OG-JE;

RE0CTE32 CALUSE B. OIFFUSER
HIDNDFN SURFACES ARE
FEMETRANT INSPECTED PER
RLO0343,

3 BrDOG14 CAUSE A, RSO0TAGE
B200-21 CAUSE B, R3007563
R200-26 CALSE A, RE007SER
WELD JOUNTS RS007TER: TABLE
E20Q HRFIP FMEA/CIL WELD
JOINTS RECU 68 HOLSING
CURRENT COMFIGURATION |5
FHE GMETI PICCE "-112° CAp,
USIMNG FOUR [y WELDS AND
FI¥JR [4) WFI I MUMABZARS

4 BAOD-0Z; CAUISE A, RSCD7524
CAUSE B, RS00753; CAUSE C,
R5 007 R74

BEARING RACES RECEIVED
FROM SLPFLIER SPLIT BALL
HEARING INCORPORATED
FRECEIVED MO GENFRAL EDOY
CURRENT INSPECTICN

SCME DIFFUSERS fMdAY NGT
RECENVE THE POST FROOF TEST
HIDDEN SURFACE ()3
PENETRAMT MSPECTION

SOME HOUSINGS [POSSIBLY
TWUl) fAY HAVE BEEN
FABRICATED "1 TH THE TWD |2
FIECE 113" CAPS (THIS HAS AN
EXTRA WELD: %13 AMD THREE
FXTRAWELD MUMBERS 13, 68 &
63

E£0ME TURBIMNE BEARING
SUPFORTS {R50D7524) ARE
FABRICATED LSRG A
VUELOMENT OF HAYFS 188
ZHEET METAL INSTEAD QF THE
EOM FORGIMNG.

GENERAL EDDY CURRENT INSPECTION OF RACES REPLACES TYPE W2 1M
FEMETRANT INSPECTIOM N DETECTING SURFACGE FLAWSE

USE AS I3 AATIOMALE:

1. RACES SUPPLIED BY SPLIT BALL BEARING INCORPORATED RECEIVED 10X
WISUAL AND TYPE IWC PENETHANT INSPECTION IMSTEAD OF GEMERAL EQDY
CURRENT INSFECTION. FLAW DETECTABLITY RELIABILITY LEVELS RETWEEM
PENETRANT ANMD GENERAL EDDY CURRENT INSPECTIONS &RE G050 AND
0.057 RESFECTIVELTY.

LEE AS 15 RATIOMNALE

1 IMPLEMEMTATION OF HIDDEM SURFACE INSPECTION REQUIREMENT 12
NOT A RESULT OF AN OBSERVED HARDWARE ANACMELY BUT A5 & RESULT
OF ROCKETEYRE'S STAMD DLAUN,

SEE DAR 2745 FOR
VARIANT PART
SERIAL HUMBERS.

5EE DAR 2751 FQR
VARIANT PART
BERIAL NUMBERS

TO REDUCE CONFUSION ON THE DRAMING AND ON THE MAMUFAD TURING SEE MCH 2524,

FLOOR

hIGH CYCGLE FATIGUE INDUGED [NLET SHEET METAL CRACKS 00 DCCUR
FROM THE CPERATIOMAL EMVIROMMENT EXFERIENCED DURING ENGINE
DPERATION. THE CRACKING IS CONTRDL | ED PER THE REQUIREMENTE .OF
THE SHEET METAL INSPECTION SPECIFICATION (RLIOGSE) YVWHICH LIMITS THE
CRACHING LEMGTH, SPACING, AND SHARE, TO PRECLUDE SHEET METAL
FIECES FROM DISLODOING. THE CRITERIA IS BASED 0N CRACK GROWTH
FATES AND ENGINE TEST EXPERIEMCE. ANY CRACHS, WHICH EXCEED THE |
SPECIFICATION LIMITS, ARE WELD REPAIRED IRFOH)T-007). THE TURBINE
BEARIMNG SUPPQRT WITH WELDED S1EET METAL IS LIFE LIMITED BY MAJORH
WIAIVER DT 2773,

SAME -113 DASH
NLEER.

RE0GTE24-201 AMD

SLBS.
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LS AP LTS Sarg Fuel Turh LY P Prepa red: . E.-qu:.r
Item Hameg: High Precsure Fuel Turnapomp Appraved: T. Nguyen
fem Yumber: EZ00 Apprayel Data: 4129699
Fart Mimher: RE007501 Chanpe a: s
Diraciive &: CLBD ME3-01-5206
Fage: 2of 2
Baso Lime Ratinnale Varianoe Change Ralionale Yariant Dash Bumber
5 B:lO-15 CAUSE A B200-17 SOME LIFT-OFF SEAL HOUSIMG LEWY CYGLE FATIGUE CRAGKING HAS EEEM OBSERVEN [N THE PLIA WELD, RO S2:0-07 AND
CALISE A BELN-1A CALIRF A, DA LINES SRE FAERICATED CRACK INITIWTION AND FPROPAGATHON DCCURS AT SHUTDOWNCOOLDOWN SUBS.
B2051% CAUSE A, B200-22; USING INTERSECTING LINE Al L UNITS RECEIVE A STANDARD POST FLIGHT INSPECTIONS BY LEAK
CAUNSEARCE BRILLED HOLES THE HGELE CHEZK. LEAK CHECK POST FLIGHT VILL DETECT A CRAGK PRIDR TO

THAI INTERZECTS THE CUTSIDE
DIAMETER OF THE HOUSING
FLAMGE HAS & PLLMG
IMSTALLED. THE PLUS 1S THEM
WELDED AT THE HDUSIHNG
OUTSIOE DIAMETER TO FORM A
TIGHT GAS SEAL

RFFLIGHT. POST LEAKAGE AT THE DRAIM LINE ¥ LIMITED TO 10 SCIM. ALL
FLIGHT LIHITS WWALL SONWTINUE TC RECEIVE A LEAK CHECK POST FLIGHT FOR
THE ORAIN LINE PLUG WELD UNITL THE ENTIRE FLEET 12 RETROFIT "WITH THE
EDR DRAIN LINE CONFIGURATION
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SSME FMEA/CIL
WELD JOINTS

Companent Group: Fuoel Turbopumpa Propared: D. Early
CIL Itam: B200 Appraved: T. Nguyean
Companenl: High Pressure Fog| Turbopump Appraval Date; 421,90
#aH Humber: RS00T 501 Change 3: 2
Directive & CCA0 MED-01-5206
Fage; 1of 3
Cr ticat Inilial

Raat  Flawe Size Mot
Side Mot Deleclable

Cemaponent Basie Part Nomber Weld Mumaer Wekd Type  Class Atcess HOF  LCF Lommenls

SlIELD RAGT2171 1.24, 28-82  GTAW I X

SHIELD RoO121n . GTAW n

LIFT-GFF SEAL RON15230 1,2 GTaw I X

SHIELD ROOTO7ER 25 0B GTAW H

SHIELD ROa147e8 27 50 GTAMY n ES

SHIELD RAD{TES E1, 52 GTaw 1

EHIFID ROGI97 88 55 55 GTAW 1l

BELLOWNS RELLF 505 1-4 GTANY 1 X

BELL Oz REAQT505 5,5 Efnnr | x

INLET R3007512 4 GTAW I X

INLET REMTEZ 36 GTawr !

INLET REMOTI12 012,13 GTAW |

IMLET REMITE12 i EBVY i

IMLET REOOFS12 14 15 STAa |

INLET REI0TE12 1B GTAaMY I x

BFARING SUFFORT RS a4 14 EBWY I

BEARIMG SUFPORT R5007524 18 EBv I X

BEARIMNG SUFPORT R30074524 29, 20 GTARY I X X

BEAR NG SUPPCRT R3007524 1B GTAWY I X

BEARMG 5PPORT REDOTEDL 115 121 oLy I

BEARING 5LIFPORT RSLOTE24 |28 GTAW I X

EFARING SLFPFORT REQOTE2 228-c11 GTAW ] x

HOUSIMG R SODTsGA 7823, GTAWN I X X x :
228 330 p
FOH

HIHISING RE007 565 4 GTAw I

HSUSING RE00Q7 568 48 EB I X X X

HOUSING K30075SER 43 GTaw I b

HGUSING R&E00753R 5" araw ] X X

HULEIMNG RECNY56E 52 GTAN [} K

RO JSIMG HSCo7RE4 1 EEY 1
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Lampanent Group: Fuel Turbopumps Fraparad; D. Early
CIL ain: B.ZEII:I Approved; T. Mouyen
Componen|; High Fressuna Fual Turbopump Approvat Data: 4021798
Part Number: REDITSM Change #: 2
Blrechve #: CCED ME-01-5205
Paga: 2of 1]
Criticar nitlal
Ragt  Flaw Size Mot
Bide Mar  Detectable

Carnpon end Basic Pl Mumbear Wekd Mumber Weld Type  Clasg dccess HCF  LGF Camments
HOUSIMG RE0G6 T46A 55 alc L ] }-{
ROUSING RE0NTEE 36 OTAW ] R
HOLIS NG RI007ESY OF, 324 325 GTAW It
HOLUIGING RIOO75E8 & ETALY M X x X
HOUSHHG RSO0Q75E8 50 EBWY I
HOUSING RS0LOFEaE 14,229, 297 GTAW 1 X X x
HNOUSING RSCOT6S 76,77 GTaWY I X
HOUSIHG RS040 7564 T.EO GTAW I X
HOUSIN G REA07553 20-101 GTawW 1l x
HCLUSING RENCTSER 10z GTAWS 1 X
HOLISING REM TEEA 123 GTAW n x
HOUSING REMTELS 140 GTAW " X
HOLIRING RS0O7ESR 133, 154 CTa N E
HOUIS G REHITS5E 174a-185 GTAW Il X
HEOLSING R2207554 181 192 GTAWY ] X x

195 106

£245, 455

45E
HOLSING RENI7TSES 153, 244, GTAW I ES

15/-402

24-J07
HOUISING RESBOPEEH 03, 17, GTAW 1 X X

214, 234,

235
ADUEING REDOTS5E 21z, i3 GTAMY I
HOUZING RZI0756A s 215 GTAMY n X
HOUSING RS0LT5ER 222, 139 GTAMY ! x .
HOUSIMNG RSCI7HGA 224, 225 GTAW | 4 X 1
FOUSING RE007 563 226, 227 CTaN I ]
HOUSING RE007 5656 231, 137 GTaln I X X
HOHPSING RE0DNTEER 231 GTAaN li bt
HOUZIMG REDOTIES 237 234 GTAN |
HOUZING RECOT558 AG-2408 GTAVY Ml
HOLSING AEI0TI5E Jeh-344 GTAV ] |
HOUSING REA0TSHE3 37e-3497 GTANY ] X
HOUS MG R S0CTSEE KL GTAW | x x X

i
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Comnporen] Gidup: Fugl Turbopumps Prepare d: D, Early
CIL tern: B200 Approved: T. Nouyen
Compenenl; High Fressure Fuel Turtepump Approval Data: 4r21/89
Pad Numbar RE007501 Changs & 2
Crructive 0; CCHO MEI11-530%
Page; aol 3
GCritlcal dnilial

Fopt  Flaw Size Mot
Sige Npt  Uelectable

Component Basic Part Mumber ¥ield Mumber Weld Type  Clazs Access HODF o LCF Comrwats
HOUSIMG F3007 568 407.434 GTAW 1l x

HCUSING RS007 REH 405449 GTRN I X

HOLSING RSDOTESE 4548 HOPT) GTAW Ir

HOLSING RECQOTEGE 450 (OPT)y  EBPw Il F

HOUSING RELOTSGE 454 GTAN fl B

HOUSING RSCOTEEE 37 IOPT) GTAWY fl

ROTOR BEAL ASA07534 1 EBwY I

SEA. AGAN7HI2 5 EBwY 1] X



